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IMMUNOLOGY OF EPIDERMAL FIBROUS PROTEINS 
L. D. LEE, PH.D., H. P. BADEN, M.D., J. KUBILUS, PHD., AND B. F. FLEMING 
Department of Dermatology , Harvard Medical Schoo l, Massachusetts General Hospital, 
Boston , Massachusetts, U.S.A. 
This report describes the preparation and detection of ant ibodies to chemica lly unmod ified 
prekeratin and stratum corneum proteins of cow and human ep iderm is. The antibodies are 
spec ific for ep idermal fibrous proteins and do not cross-react with t hose of hair and nail which 
have the same molecular configu ration but distinctive physical and chem ical properties. T he 
a nt ibod ies did cross-react with epiderma l fibrous proteins from a number of other vertebrate 
sources indi cati ng an immunologic relationship among ep idermal proteins whose polypeptide 
composit ions and am ino acid contents a re omewhat dissimilar. Both ant ibodies give intense 
immunofluorescence loca li zed to t he malpighian layers but not to t he stratum corneum. The 
antigenic sites in t he native configuration of the stratum corneum laye r may be buried, since 
dena tured stratum corneum proteins react readi ly wit h the antibody. These antibod ies have 
permitted t he first detection of a form of keratin whose solubili ty properties are q ui te 
different from either prekeratin or stratu m corneum proteins. 
The filaments which are obse rved in epidermal 
cells by electron microscopy are composed of ex 
fibrous proteins, which are t he principal structural 
proteins of t he epidermis [1 -3 ]. Prekeratin, t he 
fibrous protein ynthesized in t he basal and mal-
pighian layers, appea rs to be the precursor of the 
fully different iated stratum corneum proteins . 
Prekerat in is soluble at pH < 2.5 Or 2: 10.0 or in 8 
M urea, while the stratum corneum protein requires 
8 M urea a nd a disulfide reducing agent for solubili -
zation . Although they differ in t heir solubili ty 
properties, prekeratin and stratum corneum pro-
te ins are simila r with respect to am ino ac id analy-
sis and polypeptide chain composition as seen on 
sodium dodecyl sulfate (SDS)-polyacrylam ide gel 
electrophoresis [4,5 ]. We have recently described 
the separation and characterization of t he polypep-
t ide chains comprising these molecules [6], a nd in 
the rresent report describe the preparation of 
a ntibodies to the fibrous prote ins from cow snout 
and human epidermis and deta il how these anti-
bodies have been used to increase ou r knowledge of 
keratin chem istry. 
MATERIALS AND METHODS 
The cow t issues were obtained from freshly slaughtered 
anima ls from a local abatoir, while human tissues were 
Manuscript received February 3, 1976; accepted for 
publication May 11 , 1976. 
This in vestigation was supported by U. S . Publi c 
Health Service Grant AM 06838. 
Reprint requests to Dr. L. D. Lee, Department of 
Dermatology, Massachusetts Genera l Hosp ita l, Boston, 
Massachusetts 02114 . 
Abbreviations: 
BSA: bovine serum album in 
OTT: dithiothreitol 
SDS: sodium dodecyl sulfate 
obtained from amputations or autopsies . The other 
animals were purchased from commercial suppliers . 
Ultrapure urea and guanid ine hydrochloride were pur-
chased from Schwartz-Mann, Orangeburg, N . Y.; SDS 
from Matheson, Coleman, Bell Manufacturing Chem ists, 
East Rutherford, N. J .; 2-amino-2-methyl-1 ,3-propanedi-
01, iodoacetic ac id (recrysta lli zed from anhydrous ether 
a nd light petroleum), ac rylamide, bisacrylamide , 
N,N,N ',N'-tetramethylenediamine, riboflavin, and am-
monium persulfate from Eastman Chemica l Co., Roch -
ester, N. Y.; dithiothreitol (OTT), mercaptoethanol, and 
ethylened iam inetetracetate from Sigma Chemica l Co., 
St. Louis, Mo.; complete Freund's adjuvant and Bacto M 
Tubercu losis H37 RA from Difco Laboratories, Detroit, 
Mich.; and agarose from Biomedical Systems, Rockland , 
Md. All other chem ica ls' were of reagent grade and 
purc hased from Fisher Scientific Co. Antibody developed 
to bovine se rum albu min (BSA) was t he kind gift of Dr. 
Kurt J. Bloch. 
Epidermis was removed from cow snouts by slicing 
with a razor and t he t issues were extracted (18 gm per 150 
ml) with 0.25 ~.: ~ u c rose to remove soluble prote in and 
t hen with citrate buffer, pH 2.65, to solu bili ze prekeratin 
which was purified by isoelectric precipitation as previ-
ously described [6]. T he rema ining t issue was extracted 
exhaustively with 6 M urea containing 0.1 M T ris, pH 8.3, 
in order to remove any und issolved prekeratin. The 
stratum corneum proteins were isolated from the undis-
solved tissue res id ue by extraction with 6 M urea contain-
ing 0.1 M Tris, pH 8.3, a nd 0.1 M mercaptoethanol [6] . 
In order to obtain the epidermis from rats , gu inea pigs, 
hamsters, and mice , t hey were ep ilated with wax 48 hr 
prior to sacrifice, t he excised skin was heated at 50°C for 
1 min , and the epidermis removed by gentle scraping. 
Hum an epiderm is was removed by heating the exc ised 
skin wit hout prior epilation. Frog and turt le epidermis 
cou ld be manually peeled off t he dermis with forceps. Al l 
these epidermal samples were t hen extracted as de-
scribed above fo r cow snout epidermis. T he fibrous 
prote ins were extracted from hair, nail , and hoof with 6 M 
urea containing 0.1 M Tris, pH 8.3, and 0.1 M mercapto-
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ethanol and the S-carboxymethyl derivatives prepared as 
described below. 
Preparation of S-carboxymethyl derivatives. The pro-
tein was dissolved in 8 M urea, 0.2 M 2-amino-2-meth-
yl-1,3-propaned iol, and 0.2 M mercaptoethanol , and al-
kylated at pH 9.0 with iodoacetic acid under nitrogen and 
protected from light to give the S-carboxymethyl deriva -
t ive [71 . 
Electrophoresis. SOS-polyacrylam ide electrophoresis 
was done using the discontinuous gel system described 
by Neville [8]. 
Amino acid analysis. Samples for amino acid analysis 
were hydrolyzed in 6 M hydrochloric acid for 24 hr under 
vacuum at llO DC and run in duplicate on a Beckman 116 
amino acid analyzer. 
Antibody production and monitoring. Prekeratin (2 
mg/ml in 0.05 M citric acid) and human stratum corneu m 
protein (2 mg/ml in 8 M urea containing 0.001 M dithio-
threitol and 0.01 M Tris, pH 9.0) were mixed separately 
with an equal volume of Freund's adjuvant to which had 
been added 9 mg/ml killed tubercle baci lli and injected 
intraderm ally into multiple sites in white New Zealand 
rabbits. The animals were boosted intramuscularly at 2, 
3, and 4 weeks, and monthly thereafter. The course of 
antibody production was followed in the weekly bleedings 
using a modified Ouchtelony gel diffusion technique in 
which the fibrous prote ins were dissolved in a variety of 
denaturing solvents and approx imately lOA to 15A placed 
in the antigen well , while approximately lOA of a gamma 
globulin fraction prepared according to Thurston et al [9 ] 
was placed in the antibody well. The developed plates 
were washed with 0.16 M NaCI containing 0.01 M phos-
phate buffer, pH 7.5, overnight and sta ined with 0.25% 
Coomassie blue and destained with 7.5% methanol and 
5% acetic acid . 
Immunofluorescence. Indirect immunofluorescence 
was performed as described by Beutner et a l [10] . 
RESULTS 
The effect of the reagents used to solubil ize the 
fibrous prote ins of epidermis on ge l diffusion was 
investigated us ing a high-titer antibody developed 
to BSA. BSA could be dissolved in 1 % SDS, 6 M 
urea , 6 M guanidine hydrochloride, or any of t he 
above reagents with 1 mM DTT and precipi tin lines 
obtained . Figure la depicts the immune reaction 
between BSA and rabbit antibody to BSA, when 
BSA was dissolved in barbi tal buffer in the ab-
sence of any denaturant. Figures Ib and c show 
BSA dissolved in ba rbital buffer contain ing in-
creasing amounts of SDS . The addition of SDS or 
any of the denaturants noted above caused no 
extraneous or artificially induced prec ipitin lines 
and the position of the bands in relationship to the 
center well remained the same . 
Having shown that the solvent conditions neces-
sary for di ssolving the fibrou s proteins of epidermis 
did not affect the prec ipi tin lines obtained in ge l 
diffus ion studies involving BSA and its antibody, 
cow snout preke rati n was dissolved in 6 M urea 
containing 0.01 M Tris, pH 8.3, and tested against 
its antisera . Figure 2 shows the ge l diffus ion 
pattern obtained . S-carboxymethylated prekeratin 
could be detected with approximate ly 10-fold 
greater sensitivity than unmodified prekerat in 
(0.15 to 0.2 J..Ig per 10 A as contrasted with 1 to 2 J..I g 
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per 10 A) . Human and bovine serum albumin were 
S-carboxymethylated and tested against the anti-
body, but they did not react, indicating that this 
increase in sensitivity was not accompanied by any 
decrease in specific ity. The origin of the two lines 
to prekeratin was investigated by reacting the 
purified polypeptide chains (A, A', B , and B') 
against the antibody. It was found that the outer 
heavier line was produced identically by either B or 
B ' and the inner, lighter one identically by A or A' 
[6). When the prekeratin antiserum was reacted 
against s tratum corneum protein , a pattern identi-
cal to Figure 2 was obtained. The immunologic 
identity of these two ep idermal proteins was con-
firmed as shown in Figure 3, which shows a 
double-diffusion pattern using cow prekeratin pro-
tein (we lls 1, 3, 5) and stratum corneum protein 
(we lls 2, 4, 6) versus antibody elic ited aga inst 
prekeratin . 
The antibody to cow prekeratin was tested 
against 0.25 M sucrose, pH 7.0; extracts from other 
cow tissues and no reactions were found with heart, 
liver, lungs, kidney, brain, muscle , hoof, or hair. 
This indicated that the antibody was not directed 
against widely distributed soluble cow proteins, 
but only to the products of epidermal ce lls . The 
ant ibody a lso did not react with the fibrou s pro-
t e ins isolated from cow ha ir and hoof, which , 
a lthough classified as keratins on the basis of their 
x-ray diffraction pattern , have slightly different 
a b 
c 
FIG. 1. Double diffusion of BSA. The outer wells 
contain BSA dissolved in 0.01 barbital buffer, pH 8.3 , 
containing 0.16 M NaC I, and various com binations of 
SOS. a: No SOS. b: 0.1 % SOS. c: 1.0% SDS. The 
concentration of BSA decreases clockwise as follows: 1.0 
mg/ml , 0.5 mg/ml , 0.25 mg/ml, 0.12 mg/ml. Center well 
contains rabbit anti-BSA. 
FIG. 2. Oouble diffusion of cow prekeratin . Outer 
wells contain prekeratin (1.0 mg/ml ) dissolved in 0.1 M 
Tris buffer, pH 8.3, containing 8 M urea . The center well 
contains rabbit anticow pre keratin 'Y globulin. 
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FIG. 3. Double diffusion of cow prekerat in and stra-
tum prote ins. Outer wells 1, 3, and 5 contain prekeratin 
protein (0.5 mg/m!) dissolved in 0.1 M Tris buffer, pH 8.3, 
containing 8 M urea. Wells 2, 4, and 6 conta in stratum 
corneum (0.5 mg/ ml ) protein dissolved in 0. 1 M Tris, pH 
8.3, containing 8 M urea and 0.1 MDTI'. Center well 
conta ins rabbit anticow prekeratin l' globulin . 
a mino ac id compos it ions from t he epiderma l pro-
te ins (unpublished data ) [11]. 
Immunofluorescen t studies using ra bbi t a nt i-
cow prekeratin an t ibody on cow snout showed 
fluorescence loca li zed to t he ma lpighia n laye rs of 
t he epidermis wi t h none in t he stratum corneum . 
The basa l layer s howed irregula r flu orescence (Fig. 
4A ). Figure 4B shows t he cont rol for t his experi -
ment, which exhibits minima l a utoflu orescence 
a long the stra tum corneum not seen in a ll samples. 
If the stratum corneum is treated wit h 8 M urea , 0.1 
M merca p toethanol, a nd 0.01 M Tris, pH 9.0, and 
t hen di alyzed against distilled water, it can be 
shown that the denat ured prote in will a bsorb t he 
a ntibody and preven t a furt her reaction wi t h 
prekeratin . The fluorescence was not blocked by 
a bsorption of the a nti body wi th powders prepa red 
by lyophili zation of liver and spleen . 
Fibrous proteins were prepared from t he epider-
mis of a number of different animals to study t heir 
immunologic rela tionship to cow prekerati n . 
Prekeratin and stratum corneum proteins of 
humans, ra ts, a nd guinea pigs cross-reacted ; ha m-
ster, mouse, frog, a nd turt le did not. SDS-poly-
acrylamide electrophoresis showed some variat ion 
in the number a nd absolute molecula r weight of 
the polypeptide chains compris ing these proteins 
(Fig. 5) . Although, all the principal cha ins appear 
to have molecula r weights in approximate ly the 
same range (45,000-67,000 da ltons) as t he cow 
snout proteins. Amino acid ana lysis showed a simi-
lari ty to t he cow fibrous protein a lthough sma ll but 
defini te di fferences were presen t. 
An antibody was also elicited to human stra t um 
corneum protein . This antibody was tested in gel 
diffusion studies by dissolving human stra t um 
corneum fibrous proteins in 8 M urea containing 
0.01 M Tris, pH 8.3, and 0.01 M DTT, and a typical 
reaction is shown in Figure 6 (wells I , 3, 5). This 
precipi t in reaction consists of t hree lines, a heavy 
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line close to t he an t igen well , and two more distinct 
lines closer to t he a ntibody well. T he origin of t hese 
lines was studied. SDS- polyacry lamide electro-
phoresis of hu man stratum corneu m protein shows 
three principa l polypep t ide cha ins which are s imi-
lar in molecula r we ight to t he polypep t ide cha ins of 
prekeratin . T he stratum corn eum polypeptide 
cha ins were isolated by preparative electrophoresis 
and tested individua lly aga inst the an t ibody as 
shown in Figure 6 (wells 2, 4, 6); only t he two inner 
lines a re seen with each of the t hree polypeptide 
FIG. 4. A: Indirect immunofluorescence of a cross-sec-
tion of cow snout using rabbi t anticow prekeratin 
followed by fluorescein -labeled goat antirabbit l' globu-
lin. The flu orescence in the malpighian region appears as 
a bright whi te color, bu t the stratum corneu m and 
dermis, which do not fluoresce, appear dark. B: Control 
experiment in which cow snout was incubated with 
norm al rabbit serum followed by fluorescein -labeled goat 
ant irabbit l' globulin . 
j I J ~ f--
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FIG. 5. SDS-gel electrophoresis of prekeratin pro-
teins isolated from the epidermis of various sources as de-
scribed in the text. The gels are 7.0% acrylamide, run at 
pH 9.50, and the di rection of migration is downward. The 
gels shown here are a composite of several di ffe rent runs, 
thus the tops cannot be aligned. However, each gel run 
had its own in ternal standard, in this case cow snout pre-
keratin, and the gels are shown ali gned as they ran in 
relationship to prekerat in . 
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cha ins. The two inner lines were a lso seen when 
the antibody was a llowed to react with stratum cor-
neum protein which was precipitated out of solu-
tion upon removal of urea and DTT by dial ysis. 
SDS- polyacrylamide electrophoresis of the aggre-
gated precipitated protein shows all three poly-
peptide chains. This implies that the outermost 
heavy line represents a reaction to a heav il y aggre-
gated form of stratum corneum protein present in 
our preparations. 
The stratum corneum antibody did not react 
with neutral soluble extracts from liver, spleen, 
lung, umbilical cord, kidney , or heart, or with the 
fibrous proteins isolated from hair and nail. This 
antibody did react with prekeratin and stratum 
corneum protein of cow, hamster, rat, mouse, pig, 
and guinea pig. It did not react with frog or turtle 
epidermal fibrous proteins. 
Immunofluorescent studies showed f1uorescence 
localized to the malpighian layer as in the cow 
snout system, although there was somewhat less 
irregularity in staining of the basal layer (Fig. 7A). 
The control for this experiment is shown in Figure 
7B. There was no f1uorescence of the stratum 
;:. 
F IG. 6. Double diffusion of human stratum corneum 
protein (wells J, 3, and 5) and the three individual 
polypeptide chains comprising stratum corneum protein 
(wells 2, 4, and 6). The protein concentration is 0.5 mg/ 
ml in all wells and the center well contains rabbit anti-
human stratum corneum "y globulin. 
FIG. 7. A: Indirect immunofluorescence of human skin 
using rabbit antihuman stratum corneum followed by 
fluorescein-labeled goat anti rabbit "Y globulin . The 
fluorescence in the malpighian region appears as a bright 
white color, but the stratum corneum and dermis, which 
do not fluoresce, appear dark. B: Control experiment in 
which human skin was incubated with normal rabbit 
serum followed by fluorescein -labeled goat antirabbit "Y 
globulin. This control exhibits a slight autofluorescence 
of the stratum corneum, not seen in all samples and 
shown here for purposes of contrast (i.e., to indicate that 
the lower layers of epidermis exhibit no fluorescence) . 
... 
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corneum layer; delipidizat ion of the tissue sections 
with 3: 1 chloroform:methanol or pretreatment 
with urea did not produce f1u orescence in the 
stratum corneum. 
The immune sera described above have been 
used to show the presence in the initial sucrose 
washes of either human or cow tissue, of a neutral 
soluble form of keratin [1 2]. Double-diffusion pat-
terns of this material were identical to those 
obtained with prekeratin or stratum corneum pro-
teins. The sucrose washes after centrifugation for 1 
hr at 300,000 x g still reacted with the antibody, 
indicating that the material which was reacting 
was not composed of high-molecular-weight aggre-
gates of prekeratin suspended in solution. More-
over, this soluble prekeratin-like material cou ld be 
readily concentrated 50-fold , indicating that it was 
not trace amounts of prekeratin that had been 
forced into solu tion. We have shown that this 
protein is free ly soluble in 0.25 M sucrose, 0.01 M 
Tris, pH 8.3, 0.01 M phosphate , pH 6.0, and 0.01 M 
barbital , pH 10.0. This is in marked contrast to 
prekeratin and stratum corneum proteins which 
are soluble at neutral pH on ly when a denaturing 
agent is present in the solvent. SDS gels of the 
soluble form of keratin show a number of bands all 
of which are of a higher molecular weight than 
prekeratin . However, these gels are abso lutely free 
of protein in the region of the gels where prekeratin 
or a ny of its breakdown products would be ex-
pected to migrate. 
DISCUSSION 
Unmodified epidermal keratins have not been · 
stud ied in depth by immunologic techniques 
[13-15] because of their insoluble character. In our 
study, the production and monitoring of such 
antibodies has been facilitated by injecting the 
proteins in a denatured state and performing the 
Ouchtelony double-diffusion experiments under 
similarly denaturing conditions. Appropriate con-
trols were done which showed that the denaturants 
used produced no artifactual lines. 
Other investigators working with insoluble pro-
teins have often found it necessary to modify such 
proteins in order to increase their solubility and 
hence their antigenicity [16]. The disadvantage of 
this approach is that the modifying groups (most 
frequently S-carboxymethyl) are themselves often 
quite antigenic. Thus, antibodies are elicited 
which may form precipitin lines with any protein 
which is S-carboxymethylated. We have found 
that using the S-carboxymethylated fibrous pro-
teins to assay the antibody increases the,sensitivity 
but does not sacrifice specificity. 
These antibodies have been shown to be specific 
for epidermal a-fibrous proteins and not to react 
with the a-fibrous protein of hair and nail. Proteins 
from skin, hair, and nail are derived from the same 
cell line and give identical x-ray diffraction pat-
terns but have been shown to have distinctive 
chemical and physical properties [17]. This lack of 
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immunologic cross-reactivity further substantiates 
the differences between the principal structural 
macromolecules of the sk in , hair, and na il. How-
ever, the rea ctions observed to epiderma l fibrous 
proteins isolated from a number of sources despite 
some chemical differences, indicate a degree of 
similarity among epidermal fibrou s proteins from 
vertebrate sources. In the calf, pig, and human 
systems, the prekeratin and stratum corneum 
proteins were shown to be immunologically identi-
ca l, supporting the concept of a precursor product 
relationship between these two prote ins. It is not 
likely that our stratum corneum prote in prepara-
tions contain a ny traces of prekerat in protein 
inasmuch as the tissue is washed extensively with 
urea (which also solubilizes prekeratin ) after the 
citrate buffer washes and before t he urea- sulfhyd-
ryl extraction. 
The antibody to cow prekeratin a ppears to react 
with the individual chains which we ha ve previ -
ously shown [6) a re chemically dist inct. The s itua-
tion with the antibody to human stratum corneum 
protein is not as clear, but the m ajor ba nd closest 
to the antigen well appears to be a reaction to the 
intact molecule, s ince it can be a bsorbed out by 
aggregated forms of the protein . The failure to 
observe a reaction to stratum corneum with the 
immunoflu orescent technique most like ly results 
from the antigen ic s ites being buried within t he 
stratum corneum proteins. The drastic change in 
solubility of t he stratum corneum proteins re lative 
to prekeratin may well involve a folding of the 
molecule which makes the antigenic s ites unavail-
able to the a ntibody. This hypothesis is s upported 
by the observation that denatured stratum cor-
neum prote ins will react with the a n t ibody. 
The ability of these antibodies to detect a new 
form of keratins with qui te differen t solubility 
cha racteristics a nd m olecular we ights than fo rms 
of kerati n previously desc ribed, prov ides an avenue 
for further exploration . 
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